JP-A-2002-1 18831 



1/14 



(1 i publication -number : 2002-1 1 6831 

(43}Dste of publication of application ; 19.0:4.2002 



(SDlntCL 



S05F 3/28 

H03F 1/30 

H03F 3/08 

HQ3F 3/343 



(21 ^Application number : 2000-308735 
(22)Date of filing : 05.10.2000 



(71) Appficant: SHARP CORF 5 

(72) lnventor : ONISHI MASAYA 



(54) CONSTANT CURRENT GENERATING CIRCUIT 

(57)Abstraot: 

PROBLEM TO 3E SOLVED: To effectively reduce 
temperature dependency of output currents in a 
constant current generating circuit 
SOLUTION: The bases of an output transistor Trt and a 
voltage reference transistor Tr2 are connected to each 
other, and the mutual emitters are connected to GND, 
and -a resistor Rs is connected between the bases and 
emitters of the output transistor Tr1 and the voltage 
reference transistor Tr2. Also, a temperature 
compensating resistor R1 is connected between the 
emitter of the output transistor Tr1 and the GND as a 
first temperature compensating element 
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CLAIMS 
[Claim(s)] 

[Claim 1] The constant-current generating circuit characterized by to be prepared the 1st 
- [,,.■!.« ^ < or! itor oetween the emitter of the above-mentioned 

transistor for an output, and GND in the constant-current generating circuit where the base of 
the transistor for m output and the transistor for ebotricahpotentiahdifrerence criteria was 
connected mutually, each emitter of both the above-mentioned transistors was connected to 
GND, and resistance Rs was connected between the base of the above-mer.t oned transistor tor 
an output, and the transistor for dectricahpotentiahdifference criteria, and an emitter. 
[Claim 2] The constant current generating circuit according to claim 1 where the component for 

V; < tiof of the above 1st comes to carry out parallel connection of two or 
more resistance of the same configuration as the above-mentioned resistance Rs, and is 
characterized by adjoining the above-mentioned resistance Rs and being arranged, 
[Claim 3] The constant, current generating circuit according to claim 1 or 2 characterised by 
, , , /no component tor temperature compensation between the emitter of the above- 
mentioned transistor for electrlcahpotentiahdifference criteria, and GND. 



[Translation done.] 
* NOTICES * 

JPQ and IMP II are not responsible for any 
damages caused by the use of this translation. 

I .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** v v < i - can not be translated. 
Sin the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the invention] 
[0001] 

i Field of the Invention] This invention relates to the constant current generating circuit used for 
light-receiving amplifiers, such as DVD. CD-ROM, CD-R, and a pickup system for CD-RW, etc, 
f0002l 

[Description of the Prior Art] The light-receiving amplifier is used for DVD, CD-ROM. CD-R, and 
the pickup system for CD-RW, Also in this, a current DVD-ROM commercial scene hss a 10X 
D D ROM pic 
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development of 1SX DVD-ROM. From new on, it wlii be expected that especially a DVD 

j r a i > n rthar. For this reason, much 

more Improvement in the speed of the light-receiving amplifying circuit for pickup is needed, 

f , if curt for pirK> j a o 

3. hi c p own here cor sts of con to 

generating circuits 105 which carry out bias of all of the current potential conversion circuit 102 
cc i ecte tl ( i sdiode 101, the 

reference circuit 103, the differential circuit 104 which amplifies further the voltage signal 
changed by the current potential conversion circuit 102, and said circuit, 

c i > is e le of ope ation < f 1 is ght-receiv ig i i c ci t fo? 

pickup of drawing 3 s explained, 

! 1 rial f nee convt on of the *nai wi i the mfiectk 

signal light of CD or a DVD disk inputted Into the photodiode 101, and was generated Is carried 
out by feedback resistance Rf of the current potential conversion circuit 102, when the signal 
cui A po*<- vtia 

point A of the current potential conversion circuit 102 goes up, noninverting magnification is 
further carried out by the latter differential circuit 104, and output voltage Vo produces it. Vs is 
a fixed electrical potential difference supplied from the outside here, and electricampotentiah 
difference transformation when the signal current Ipd arises is expressed as follows. 
Vo~Rf~Rb/Ra-!pd (1) 

Moreover, as shown In the block diagram of drawing 3 , when the constant current generating 
circuit 105 supplies the bias current of ail amplifying circuits and the output current of the 
constant current generating circuit 105 changes with change of ambient temperature, as shown 
in drawing 8 , property fluctuation of the light-receiving amplifying circuit for pickup arises. 
Among drawing. Curves a, b, and c are cases smaller than always [ forward ], respectively, when 
larger [ the output current of a constant current generating circuit Is normal, and ] than always 
[ forward }. For this reason, it is necessary to design the output current of a constant current 
generating circuit so that it may not be dependent on ambient temperature infinite. 
[0006] As mentioned above, Improvement in the speed is progressing and, as for the light- 
receiving amplifying circuit for pickup, development of the high accumulation high-speed process 
for it Is performed. In a high-speed process, an important element is reduction of the parasitic 
capacitance which accompanies components, such as a transistor and resistance. 
[0007] Next, the stabilization to the temperature of the output current of the constant current 
generating circuit in the process which reduced the parasitic capacitance which accompanies a 
resistance element is described. 

[0008] An example of the constant current generating circuit of the conventional type in a 
i > i I s ^ ^ > \ < j ro C2 and 

Yr53 are formed, the boron a P type single crystal semiconductor temperature resistance 
coefficient and whose sheet resistance (omega/**) (** expresses the geometric square (unit 
area) of a conductor) main resistance is conventionally formed with the P type single crystal 
semiconductor in the case of the process, and are impurities — an injection rate — **** — it is 
determined. Moreover, when this semi-conductor resistance has the temperature coefficient of 
plus and the injection rate of boron is made [ many] (he., when the temperature resistance 
coefficient at the time of making sheet resistance small fell and the injection rate of boron is 
lessened conversely), sheet resistance becomes large and a temperature coefficient also 
becomes large. The molecular motion in a semi-conductor is activated by the temperature rise, 
arm the temperature coefficient of this plus Is because migration of a carrier, i.e., the poured-in 
boron, is controlled, Although it is also possible on an actual circuit design to lower sheet 
resistance and to use low resistance of a temperature coefficient. In order to obtain strong 
resistance of resistance by low sheet resistance. It will be necessary to lengthen the 
configuration of the resistance element in a chip extremely. Moreover, it is a negative factor on 
circuit improvement in the speed for the parasitic capacitance by the depletion layer formed of a 
PN *■ e n i ir o ^ t f c 0 

accompany in such semi-conductor resistance, and to enlarge the configuration of a resistance 
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element. 

ic of the above-mentioned contents, the resistance which has a 
temperature coefficient around -5-3000 ppm/degree C is conventionally used in the process. Here, 
a temperature resistance coefficient is carried cut in +3009 ppm/degree C, and how to acquire 
the stability over the temperature of the output current of the constant current generating 
circuit of a conventions; type is explain j I eid 1 1 2, the pyrovcitage Vt) 

' * d . i ic 

constant current generating circuit of the conventional technique in a process conventionally 
which is shown m druwhg 4 , and the temperatur e coefficient of the output current lo in this 
case and the output current is V8E2~VBE]+Rs~I1. (2) 
Vt-indref/ls) =Vt-io(!1 /GO, Is)}+R$~I1 (3) 
Since it is Ireful »lo. it is Io=VHn10/Rs. (4) 

Here, it is the amount Tfabsciute temperature is of: ■VtKkxT)/qk:8o!tzmann's~constant 
q:eiectronlc charge :P It is the saturation current of N junction. In addition, "delta" expresses 
differential. 

[00 iO] 1 /lo-deita Ic/delta [ of temperature coefficients ] T of the output current !o is 

deitaIo/de!taT-deita(Yt~ln 1 0/'Rs) /deltaT from a formula (4). (5) 

= VHnlO/Rs and (1~/Vt- (deitaVt/deltaT) 

- I- \es! ^0 y < e s 

= lo and [1-/Vt- (deitaVt/deftaT) 

■- 1 -/RsandCdeltaRs / debaTI (7) 

Therefore, 1-/!o-deiia h/deMa 1=1 --/Vt~ (deitaVt/deitaT) 
~ WRs- CdeftaRs/deitaT) (8) 
It becomes, 

mpe 3i ore coeffl( sent of +3300 ppm/degree C and the 
temperature resistance coefficient of +3000 ppm/degree C are offset, and it is temperature 
coefficient -■■+33Q0ppm/degree G of the output current lo. - (+3000 ppm/( degree €}) 
= +300 ppm/degree C (9) 

It becomes. Here, the active bad ! 1 1 of drawing 4 Is a circuit for obtaining Ii~Ic, and plays a role 
with the same said of the active load in the constant current generating circuit shown after this, 
[0012] As mentioned above, for improvement in the speed of an amplifying circuit, reduction of 
the parasitic capacitance which accompanies semi-conductor resistance is important, and the 
■case where a semi - conductor temperature resistance coefficient is subtracted has arisen in the 
high-speed process development aiming st parasitic capacitance reduction. This is because ' 
type semiconductor resistance is formed with poiycrystalhne silicon. 

[0013] Since crystal grain is small compared with P type single crystal silicon, an extreme PN 
junction is not formed between si type € ai layers, end. as for pol \ > parasitic 
capacitance does not accompany. Moreover, also in P type polycrystaHine silicon semi- 
conductor resistance, although It Is possible to change sheet resistance and a temperature 

! bo c Us. f c v ^ i < o r t 

be f -5s. f •) s eoo v -e f H t , s 

crystal section, and a P type poly crystal semi-conductor silicon temperature resistance 
coefficient has the temperature coefficient of minus. 

[0014] The constant current generating circuit which controlled change of the output current 
over a temperature change here considers the P type polycrystaHine silicon semi-conductor 
temperature resistance coefficient in a high-speed process as -1 000 e C The 

> e ^o> otcnt current gene; Jting c ret t pe 'tore 

i e veh.eiUof *L shown in dra With this figuration, tra 

Tr61, Tr62, and Tr83 are formed. 

£0015] This circuit is a constant current generating circuit which used the electrical potential 
difference VBE between base-emitters for reference voltage, and the output current to of this 
circuit is determined as follows by VBE2 of a transistor TV62, and Resistance Rs in addition, log 
is a common logarithm. 
Ib=VBE2/Rs (10) 
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Here, V8E2 is VSE2»Vt~ln (Iref/is). (11) 

Come out, and It is and is the energy gap of tref= 1 00microARs=7.78kornegaf-og(!s) --17 silicon. 
Eg- 1.2V constant (4~a) It is set to VBE2=VHn(!ref/!s) =778mV when referred to as =2T=300 
KVt-kT/q-26mV (number-of-cases value count which is not special mention below is performed 
for the above-mentioned numeric value). 

[0015] First, when it assumes that it is delta Iref/deita T= 0 and only the temperature 
Si o* ~ "t o~ Ol f c ,t 's a „C 1 f tc c 

deitaV8E2/deItaT~1/T HEg+VBE2- (4-a) and klM 
= -1.58mV/degree C (12) 

Therefore (delta V8E2/delta T), /V8E2=~1.58 (mV/degree C) / 778 CmV) 
= -2031 ppm/degree C (13) 

It comes to be alike and the potential of Point A falls with the temperature coefficient of -"2031 
ppm /degree C. 

[0017] The temperature coefficient of lo is delta W delta T-1 ~/Rs~deltaVBE2/deltaT-VBE2/ 
(Rs~Rs) arvddeltaRs/deltaT from a formula (10). (14) 

It comes out, and it is and the temperature coefficient (deitaRs/deitaT) of resistance Rs / Rs 
is- /Rs=-1 OQOppm/'degrees C as mentioned above (deitaRs/deitaT). Therefore 
(deltaio/deltaT), /lo- (delta VBE2/deIta T)/V8E2 ~ (deitaRs/deitaT) 
/Rs~~203HHO0Q) =-l03.1ppm/degree C (15) 
It becomes. 

[0018] Furthermore, although calculated as temperature coefficient delta Iref/deita T~ 0 of 
Current Iref for convenience, the actual current Iref has the ~1031ppm/degree C temperature 
coefficient, and is larger by the formula (13), than degree C in -1.58mV /. [ of the temperature 
coefficient of V8E2 ] That is, the rate of a temperature change of V8E2 by fluctuation of the 
current Iref at the time of temperature T= immobilization and is= immobilization (delta is/delta' 
T= 0) is de!taVBE2/deltaT=-0.O26mV/degree C. (18) 

It is at (the time of delta Iref/deita T--1Q31ppm/degree C and delta Is/delta t= 0). 

[00191 Thereby, the rate of a temperature change of VBE2 when taking into consideration the 

temperature coefficient of Current Iref and the temperature coefficient of the saturation current 

Is ('is attached) is deltaVBE2VdeitaT~-1. 58+ (-0.028). 

= -1.606mV/degreeC(17) 

A next door, therefore the temperature coefficient of VBE2 at this time become 

(deltaVBE2 , /deitaT)/V3E2'=-1.606/778=-2084ppm/degree C. Therefore, the temperature 

-co- . t o- i t >,tre becomes (deita!o7deitaT)/Io-~2064-(-1000) =~1064ppm/degree C. 

( e emperature coefficier f Resistance i 

the constant current generating circuit of the conventional type shown In drav/ng 5 . even if It 
compares the temperature coefficient of the output current lo with the temperature coefficient 
of -S-3QQ pp.m/degree O of the conventional circuit in a process in that absolute value 
( rjnventio aiiy a/ • h is i < rm •» 4 . it is large, anO it s diffict t ^o control change of the 

output current !o over a temperature change In this constant current venerating circuit svstem. 
[0021] 

(Probtem(s) to be Solved by the Invention] When the change to the temperature of the constant 
current generating circuit output current is large, the stability of the property of the light- 

t it •=> i t ■- - i d tc b 

acquired- For example, when the ambient-temperature fluctuation to 25 degrees O to 35 degress 
G Is considered in the constant current generating circuit of the conventional type shown In 

- - v.0 * 0/9 .i ~" , m c tec G - +85 degrees C of operational temperature ranges 
of the light-receiving amplifying circuit for pickup, it is change of the output current Ice, i.e.. the 
bias current of the light-receiving amplifying circuit for pickup, ~1 064ppm/degree-Cx(85-25) 
**/1 million— 0.064 (18) 

It comes out, and It Is and the bias current of an amplifying circuit will decrease 6.4% by the 
above me? i oerature change. 

[0022J 8y this fluctuation, the offset voltage which is gain-response frequency characteristics 
and the difference of an external power Vs and output voltage Vo which are the main property of 
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c gets worse The re$- e cy 

characteristics wave of the light-receiving amplifying circuit for pickup is as having been shown 
in above-mentioned drawing ; 8 . When a bias current increases, the phase margin decreases by 
the increment in an opening loop gain of an amplifying circuit and gain peaking arises. When a 
bias current fails contrary to this, the hand of a response frequency becomes narrow and there 
is a problem to which a signal transduction possible frequency fails, For this reason, it is 
necessary to control temperature dependence of the output current of a constant, current 
generating circuit as much as possible. The temperature coefficient of the output current of a 
constant current generating circuit has ideal degree C in 0 ppm /. 

[0028] This invention is made In view of the above-mentioned trouble, and the purpose is in 
offering the constant current generating circuit which can decrease the temperature dependence 
of the output current effectively. 
[0024] 

[Means for Solving the problem] In order to solve the above-mentioned technical problem, the 
constant current generating circuit of this invention The base of the transistor for an output and 
the transistor for electricai-potentiahdifference criteria is connected mutually. In the constant 
current generating circuit where each emitter of both the above-mentioned transistors was 
connected to GND, and Resistance Rs was connected between the base of the above- 
mentioned transistor for an output, and the transistor for electrical-potential-difference criteria, 
arid" an emitter It is characterized by preparing the 1st component for temperature compensation 
between the emitter of the above-mentioned transistor for an output, and GND. 
[0025] By the above-mentioned configuration* the 1st component for temperature compensation 
is prepared between the emitter of the transistor for an output, and GND. 
[0026] Therefore, the bias current of the transistor for an output, i.e., the output current, and 
the bias current of the transistor for eiectricai-potentiai-difference criteria become a mutually 
different value. Consequently, it comes to have the temperature coefficient (.temperature 
dependence) from which the electrical potential difference between bass -e I ers of the 
transistor for an output (VBE1) and the electrical potential difference between base-emitters of 
the transistor for electncal-potentiahdifference criteria (V8E2) differ mutually. And each other 
is mutually offset by the temperature dependence of the electrical potential difference between 
base-emitters of each transistor, and the temperature dependence of the 1st component for 
temperature compensation, and temperature dependence of the output current can be made 

d jpendence of the output current can be de< 1 y f 

addition, when the above-mentioned resistance Rs has a negative temperature coefficient, 
compared with the former, it can be more remarkable and the temperature dependence of the 
output current can be decreased. That is, this Invention can perform stabilization to ambient- 
temperature change of the constant current generating circuit output current in the above- 
mentioned light-receiving amplifying circuit for pickup. 

[0028] Moreover, add to the above-mentioned configuration, and the component for temperature 
compensation of the above 1st comes to carry out parallel connection of two or more resistance 
of the same configuration as the above-mentioned resistance Rs, and the constant current 
generating circuit of this invention Is characterized by adjoining the above-mentioned resistance 
Rs and being arranged. 

[0029] By the above-mentioned configuration, the component for temperature compensation of 
the above 1 st comes to carry out parallel connection of two or more resistance of the same 

at - be j ed resistance Rs, and adjoins the above-mentioned 

resistance Rs, and It is arranged. 

[0030] Therefore, when a value small as resistance of the component for temperature 
compensation of the above 1st is desired, it is not necessary to have such small resistance 
alone. Therefore, a general-purpose resistance element etc. can be used as a component for 
temperature compensation of the above 1st. Moreover, since the component, for temperature 
compensation of the above 1st is a component of the same configuration as the above- 
m • --es!st=mce Rs, formation of the ccmoonent for temperature compensation of the 
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above 1st is possible in the same manufacture process as Resistance Rs. 
[0031] So, in addition to the effectiveness ay the above-mentioned configuration, it can be an 
easy configuration, and can be accurate, and the temperature dependence of the output current 
b can be reduced. 

"! addition t \q h ed configu? on t ie co ^stai * e c 

generating circuit of this invention is characterized by preparing the 2nd component for 
temperature compensation between the emitter of the above-mentioned transistor for 

si- ot iiai-difi - • rii -a, and GND. 
[0033] 8y the above-mentioned configuration, the 2nd component for temperature compensation 
is prepared between the emitter of the above -mentioned transistor for electrical-potential- 
difference criteria, and GND. Therefore, the electrical potential difference of a sufficiently big 
value can be applied to the component for temperature compensation of the above 1st by having 
the 2nd component for temperature compensation. 

[0034] So, even if it adopts a component with big resistance as a component for temperature 
compensation of the above 1st, it becomes impossible to Interfere in addition to the 
effectiveness by the above-mentioned configuration, and the degree of freedom of an ingredient 
and the degree of freedom of designs (arrangement of a component etc.) can be extended, 
[0035] 

[Embodiment of the Invention] It will be as follows if one gestait of operation of this invention is 

< <p <■ i <: > 1 2 

[0036] Drawing . 1 Is an example of a constant current generating circuit which has the resistance 
R1 for temperature compensation as 1st component for temperature compensation concerning 
the gestait of this operation. 

[0037] The bases of the transistor Tr1 for an output and the transistor Tr2 for electrical- 
potential-difference criteria are connected, and the mutual emitter is connected to QUO. 
Moreover, the resistance Rs which has a negative temperature coefficient, between emitters is 
connected with the base of the transistor Tr! for an output, and the transistor TY2 for 

< t i i ~ criteria. And the resistance 1 for temperature compensation is 
formed as 1st component for temperature compensation between the emitter of the transistor 
Tr1 for an output, and GND. An A point is a node of the emitter of the transistor TV! for an 
output, and the resistance Rl for temperature compensation. B points are the base of the 
transistor Tr! for an output, the base of the transistor Tr2 for electrieahpotentlal-difference 
criteria, and a node of Resistance Rs, In the transistor Tr! for an output, and the transistor Tr2 
for electrical-potential-difference criteria, the emitts face ratio \ < < * to 
Tr3 is formed. 

[003S] The active load 1 ' ss a circuit for obtaining U o like drawing 4 , as mentioned above. Two 
terminals of this are connected to the collector and the base of a transistor Tr3, and the base of 
this transistor Tr3 Is connected to the collector of the above-mentioned transistor Tr2 for 

> m. v. i <^ c s c ~V3 r i t 1 ase 

of the transistor Tr] for an output, and the transistor Tr2 for electricai-potentiahdifference 
t n ' oi sids S point 

J v c 'ie co n ra o o" 5 J " , < - c - t -r, - - oi 

is produced using P type polycrystalline silicon semi-conductor resistance, and a temperature 
coefficient (delta R1 /delta T) / R! has become the same (delta R1/T[ delta ])/R1-~ 
lOOOppm/degres C. 

[0040] In the case of the numerical example of the constant current generating circuit of the 
conventional type shown in drawing 5 mentioned above, the output current :c of the constant 
current generating circuit on the basis of VBE which does not have the resistance R1 for 
temperature compensation has a -I084ppm/degree O temperature coefficient. 

0 - he othes hand with the gestait of t s one ation if has the resistance R fos 
temperature compensation as 1st component for temperature compensation between the 
emitter of the transistor Trl for an output and GND as mentioned above. When considering the 
1st component for temperature compensation as the resistance for temperature compensation 
(Rl) in this way, and by changing the resistance of this resistance Rl for temperature 
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compensation The bias current value fo and iref of the transistor Tr1 for an output and the 
transistor Tr2 for electrlcal-potentlal-dlfference criteria are set as a different value. It is 
possible to control the temperature change of the output current !o by changing the temperature 
coefficient of V8E1 and VSE2 of the transistor TrT for an output and the transistor Tr2 for 
eiectricai-potential'-differencs criteria, respectively. 

[0042] The ^ - . i ^ ^ - r-orsfani current gereratr^ z to 
Iref---VBE2/Rs. respectively. (19) 
!o=(V8£2-VB£1)./R1 (20) 

Gome out, and ft is and is VBE1=VtHn (io/!s). (21) 
!t comes out. 

above /ith tf % c - of this operation t becomes possible to make it 
Iref!-Io by the resistance R1 for temperature compensation. When iref and fo have the relation of 
Irefl=Io, the temperature coefficient of V8E2 and VBEl is deitaVBE2/deltaT/V8E2 ! 
=deltaVBE1/deltaT/VBE1 from a formula (11), (12), and (21). (22) 

it becomes, in addition, a notation "delta" expresses differentia!. That is, it becomes possible to 

distinguish between the temperature coefficient of the electrical potential differences VBE1 and 

VBE2 between transistor base-emitters when a temperature change arises by distinguishing 

between the current value of Iref and fo. In the constant current generating cir cuit of drawing 1 , 

temperature coefficient change of the output current fo is controlled using the temperature 

coefficient difference of V8E1 and VBE2 in which this adjustment Is possible. 

[0044] First, it is de(taV8£2/deltaT/VBE2«deltaVBE!/deltaT/VBEf because of fundamental 

explanation of operation. (23) 

delta iref/deita VBE2~deita io/delta V8E I- 0 (24) 

When it assumes, the electrical potential diff erence VR 1 between the points A and QND of the 
constant current generating circuit of drawing .1. is next formula VR1-VBE2-VBE1. (25) 
It comes out, and it is expressed, and VR1 is not based on temperature but becomes fixed from 
this formula (25) and formula (23). In this case, the temperature coefficient and positive/negative 
of resistance R1 become reverse, and the temperature coefficient of lo is delta Io/delta 
T/Iq==* tOOOppm/degree 0. (28) 

3t becomes. Although this Is the temperature coefficient of the output current when carrying out 
the assumption of a formula (23) and (24), this assumption is not realized in practice. 
[0045] An actual numeric value is as follows. That is, there is no temperature dependence. 
namely, the output current lo is delta !o/deita T~ 0. (27) 

It comes out. For this reason, it will depend for the rate of a temperature change of VBEl only 
^ f v 'v v o 4 "'-"' - > L j - - , i , „ 1 ... 1 dh i l> i a 

formula (21). When the rate of a temperature change of VBE2 at the time of taking into 
consideration the temperature coefficient of the saturation current Is and the temperature 
coefficient of Current Ir ef like a formula (1?) from this formula (27) and formula (20) is set to 
deltaVBE2'7de!taT. It is (deltaV3E2"/delfa T-delta VBEl /delta T)/(VBE2-VBE1). 
~ deltaRL' delta T/R! (28) 

It becomes possible by materializing ******** and this relational expression to reduce the 
t of 1 t cu rent lo. 

j] From a I n a (2€ the va s of v 3E1 lo, and R which fulfil he - 
current delta io/delta T- 0 in T-3GQK and fref-1 OOmicroA is calculated as an example. That is, 
the formula same also to V8E1 as a formula (12) Is realized by the formula (21), and it is 
deitaVBEI/deitalWT {-Eg+VBEt- (4-a) and kT/q}. 

It Is expressed. This Is substituted for a formula (28). In addition, it is set to Eg-r (4-a) and 
kT/q=12S2mV with the already described value. Moreover, since a formula (17) Is realized also 
here, It is delta V8£2'7deltaT--~t .58+ (-0,026). 

~ t !^ < 60 I rV cegroj C Moreover, it is /R1-~1 ' ' ' 1 r r > • ^ o i-> ~ 

R1 /"delta T). Moreover, since a formula (11) is realized also here, it Is V8£2-Vt~in(Iref/Is) 
-778mV by Ireful OOmicroA. Consequently, from a formula (28), it is set to \- 772m V of VBE(s), 
and Is set to Io=73.2microA from Vt-kT/q~28rnV and iog(fs) ~~17 by the formula (21). Therefore, 
the resistance R1 for temperature compensation at this time Is sei to R1 =(778-772) mV < 
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79.2micro A= 75,8 ohms. 

[0047] Then, what is necessary is just to choose as the above R1 at bast an ingredient which 
has a temp© t ■ - rature dependence) with which the above- mentioned 

formula (28) is filled in VBEI and lo of the temperature acquired for the time of use which fiii the 
above-mentioned formula (21) in ali these temperature, and VBEI, VBE2, lo and Rt which -fill the 
ebove-rr tioned f< !C > n pa By doing i this wav the temperature 

d pes 1 : oi e a it c re o can c remarks » > the is nperature, 

i I «. tial diffe i - s 3 -ss VBEI ano the resistance R1 for 
temperature compensation has an exponential relation here so that the above-mentioned 
numeric value may show, and as for the resistance R1 for temperature compensation, in the 
above-mentioned case, it is desirable to consider as a very small value compared with Rs. On 
process variation, since the minimum resistance is about 1kohm, as for the resistance Rt for 
temperature compensation, it Is desirable to consider as the configuration which consists of 
parallel connection of resistance of several. Moreover, since the constant current generating 
circuit concerning the gestalt of this above-mentioned implementation is performing temperature 
compensation according to the difference of Iref and lo, the adjustment of Rs and R1 is 
important for it For this reason, when process variation control of Rs and R1 resistance Is taken 
into consideration, as for Rs and . R1, it is desirable to carry out contiguity ar ngem< i ;nd o 
consist of resistance of the same configuration. Therefore, in Rs=7.78kohm, R1 becomes 100 
parallel connection of the same form drag as Rs. 

n the hei hand, in the constant current generating circuit shown in drawing 2 , in the 
configuration of drawing t , while having the resistance .Rt for temperature compensations as 1st 
component for temperature compensations between the emitter of the transistor Trl for an 
output and GND, it has the resistance R2 for temperature compensations as 2nd component for 
temperature compensations between the emitter of the transistor TV2 for electrical-potential- 
difference criteria, and GND When the electrical potential difference between the both ends of 
the resistance R2 for temperature compensation of this constant current generating circuit is 
set to VR2, the electrical potential difference V8 between Current Iref and Points 8 and GND is 
Iref=V8E2/(Rs-R2). (29) 
VR2=?ref~R2 (30) 

More, it is V8=VBE2+VR2=V8E2- (31). (1+R2/(Rs-R2)} 

A next door and the rate of a temperature change of VB are delta VB/delta T-delta VBE2/desta 
T. (32) 

It becomes. Therefore, the case or me co"st 

well as V n i r t - ^ u 

coefficient of an electrical potential difference VB adds the resistance R2 for temperature 
co }pes s " ! <a the constan t ratir cuit of nly dt g the 

temperature coefficient of VBE2, the temperature coefficient of the output current lo is 

1 < «. the tes stance R2 for temperature compensation, it becomes 

possible to enlarge the electrical potential difference which joins the resistance R1 for 
temperate? mp ^ ^ a on ed \ the ase of the constant current generating circuit 

, 1 and <■ c " f ^ " ut d 

becomes possible to set the resistance R1 for temperature compensation as Rs and a near 
value, and to control * ~ * ' s nee of the output current !o by having the 

1 * v 1 < „e ~ i X\ 

can be made into a near value as much as possible, it Is effective especially from a viewpoint of 
layout reductions of area. 

rent gemmating circuit where the ba< slot Trl 

for an output and the transistor Tr2 for eiectricaf-poteniiat'-difference criteria was connected, 
and the mutual emitter was connected to GND, and the resistance Rs which has a negative 
temperature coefficient between emitters was connected with the base of said transistors Tr1 
and Tr2, the constant current generating circuit concerning this invention may he constituted so 
that * nay have a corner 
stor, ana G ■•JO, 
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v --mentioned configuration, the constant c^n j : 
concerning this invention may be constituted so that the component for temperature 
compensation may he prepared between the emitter of the transistor Trl for an output, and 
GND. 

[Q052] According to the above-mentioned configuration, the change to the output current 
temperature of a constant current generating circuit can be controlled by adoh g and providing 
the component for temperature compensation between the emitter of the transistor Trl for an 
itpul 5ND. the high-speed p as g circuit on the 

basis of such a VBE electrical potential difference, resistance has the temperature coefficient of 
minus for improvement in the speed of a light-receiving amplifying circuit — it is, and it is having 
a component for temperature compensation between the emitter of the transistor Trl for an 
output, and GND, and control of the change to the temperature of the output current is attained, 

[0053] Moreover, in the above-mentioned configuration, the constant current generating circuit 
concerning this invention may be constituted so that the 1st component for temperature 
compensations may be prepared between the emitter of said transistor Trl for an output, and 

< a 2 i c t e x --po ature compensations may be prepared between the 

emitter of the transistor Tr2 for eiectricabpotentiahdifference criteria, and GND. According to 
the above > \ ed«-ohve"esb can De 

acquired. By having such an emitter of the transistor Tr2 tor electricahpotentiahdifference 
criteria, and a component for temperature compensation between GND, it becomes possible to 
make R1 into the resistance of Resistance Rs and near, and the control to the temperature of 
the output current of the constant current generating circuit -v.-.h in-en more can be obtained. 

Moreover, ir the above-mentioned configuration, the constant, currant generating circuit, 
concerning this invention may be constituted so that said component for temperature 
compensation may consist of resistance. 

Moreover, in the above-mentioned configuration, the constant current generating circuit 
concerning this invention may come to carry out parallel connection of two or more resistance 
of the same configuration as Resistance Rs, and ft may constitute the resistance which is said 
component, for temperature compensation as Resistance Rs is adjoined and it is arranged. 
[0056] 

[Effect of the Invention] As mentioned above, the constant current generating circuit of this 
invention is the configuration that the 1st component for temperature compensation was 
prepared between the emitter of the transistor for an output, and GND. 

[0057 j Each other is mutually offset by this by the temperature dependence of the electrical 
potential difference between base-emitters of each transistor, and the temperature dependence 
of the 1st component for temperature compensation, and temperature dependence of the output 
current can he made small as a whole. So, the effectiveness that the temperature dependence of 
the output current can be decreased effectively is done. 

dOm Vr 'cover the co r • ^ m l ,> ■ « n. o -> a ' ^m 

which add t the i ave nentio ed onfigura on, and the con ner ten n ature 
compensation of the above 1st comes to carry out parallel connection of two or more resistance 
of the same configuration as the above-mentioned resistance Rs, and adjoins the above- 
mentioned resistance Rs, and is arranged, 

s, L > t or ature co ssa t x 1 1 s 

possible in the same manufacture process as Resistance Rs. So, in addition to the effectiveness 
by the above-mentioned configuration, the effectiveness that It can be an easy configuration, 
and can be accurate, and the temperature dependence of the output current lo can be reduced 
Is done. 

1.0060] Moreover, the constant current generating circuit of this invention is the configuration 
that the 2nd component for temperature compensation was prepared between the emitter of the 
above-mentioned transistor for electncai-potentlahdifference criteria, and GND in addition to 
the above-mentioned configuration. 

ti~ r*m** of a sn r f a.uiO e component f 
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temperature compensation of the above 1st by. having the 2nd component for temperature 
compensation. So, even if it adopts a component wit nent fo 

temperature compensation of the above 1st, it. stops interfering in addition to the effectiveness 
fay the above- mentioned configuration, and the effec 

ingredient and the degree of freedom of designs (arrangement of a component etc.) can be 
extended is done. 



[ : ransiatbn done.] 
* NOTICES * 

JPG and INPfT are not responsible for any 
damages caused by the use of this translation. 

I -This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] it. is the circuit diagram showing the example of 1 configuration of the constant 
current generating circuit concerning this Invention. 

Drawing 2j It is the circuit diagram showing other examples of a configuration of the constant 
current generating circuit, concerning this invention. 

[Drawing 3] It is the circuit diagram showing the example of a configuration of the light-receiving 
amplifying circuit for pickup. 

ng t the - cu iiagram showing the example of a configuration of the conventional 
>nstant t r circuit 
[Drawing 5] It is the circuit diagram showing the example of a configuration of the conventional 
constant curt x - rl 

[Drawing 8j It is the t iws the gain respo se free et * harac ti j{ « 

light-receiving amplifying circuit for pickup. 

- A i '•• t s t 

II Active Load 

R1 Resistance for temperature compensation (1st component for temperature compensation) 
R2 Rr=it 

Tr1 Transistor for an output 

Tr2 Transistor for electricai-potentiahdifference criteria 
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